Objective : The aim of this study was to compare the efficacy of indirect and combined bypass surgery for treatment of adult moyamoya disease (MMD). The definition of combined bypass surgery is a combination of superficial temporal artery-middle cerebral artery (STA-MCA) anastomosis and indirect anastomosis. Development of collateral circulation after surgery was investigated.
INTRODUCTION
Moyamoya disease (MMD) is characterized by gradual stenosis or occlusion of the bilateral internal carotid arteries; this occlusion induces development of collateral circulation, called moyamoya vessels in the basal ganglia. 19)24) Occurrence of this disease is more frequent among young teenagers and adults in their 30s to 40s, and represents the most common cause of ischemic stroke in children. 5) MMD is generally characterized by cerebral ischemia and cerebral infarction in children and by hemorrhagic lesions in adults.
Various symptoms, including aphasia and hemiparesis, may appear, depending on the sites of cerebral ischemia or hemorrhage.
7)19)
Medical treatment for MMD is ineffective, 19) however, there are three representative techniques used in surgical treatment. 15) The first is a direct anasto- For EDAMS, the skin was incised beginning 1 cm above the root of zygoma of the temporal bone and continuing along the STA, while sufficiently preserving the surrounding soft tissues, and curving toward the back from the intersection with the linea temporalis. After detaching the temporal muscle, an incision 5-6 cm in length and 6-7 cm in width was made in the skull. The dura was incised, while preserving the main branch of the MMA, and the dura was pushed inside between the dura and the arachnoid membrane so that the periosteal layer of the incised dura mater would contact the surface of the arachnoid membrane. The arachnoid membrane was opened at many sites; and the STA was sutured to the pia mater using 10-0 nylon sutures. Then, the temporalis muscle was sutured to a dural edge, and the inner table of the bone flap was removed in order to reduce the mass effect. If the mass effect was a concern due to the thickness of the temporalis muscle, the muscle layer was divided into two halves, and only the inner half was transplanted to the pia mater, with its edge sutured to the dura. 20) For the direct technique, the parietal or, less often, 
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RESULTS
There were 21 male hemispheres (36.2%) and 37 female hemispheres (63.8%). In the indirect group, cerebral infarction was the most frequent clinical feature at the time of incidence (15 cases; 45.5%). In the combined group, transient ischemic attack (TIA) was the most frequent clinical feature at the time of incidence (16 cases; 64.0%). Six complications occurred. In the combined group, there were three hemorrhages and one infarction. In the indirect group, there was one hemorrhage and one infarction (Table 1) .
Angiographic outcome after surgery did not differ according to sex (p = 0.493, Table 2 ), clinical presentation (p = 0.206, Table 3 ), or Suzuki stage (p = 0.428, Table 4 ).
As shown in Table 5 , in the combined group, 23 cases (92.0%) showed a good outcome. In the EDAMS and EDAGS groups, positive outcomes were observed Analyzed using the chi-square test. Group A: Revascularization area was more than two-thirds of the middle cerebral artery (MCA) distribution. Group B: Revascularization area was between one-third and two-thirds of the MCA distribution. Group C: Revascularization area was less than one-third of the MCA distribution. Analyzed using the chi-square test. Group A: Revascularization area was more than two-thirds of the middle cerebral artery (MCA) distribution. Group B: Revascularization area was between one-third and two-thirds of the MCA distribution. Group C: Revascularization area was less than one-third of the MCA distribution. Group A: Revascularization area was more than two-thirds of the middle cerebral artery (MCA) distribution. Group B: Revascularization area was between one-third and two-thirds of the MCA distribution. Group C: Revascularization area was less than one-third of the MCA distribution. EDAMS = encephaloduroarteriomyosynangiosis; EDAGS = encephaloduroarteriogaleosynangiosis; Combined = direct surgery + indirect surgery Analyzed using the chi-square test. Group A: Revascularization area was more than two-thirds of the middle cerebral artery (MCA) distribution. Group B: Revascularization area was between one-third and two-thirds of the MCA distribution. Group C: Revascularization area was less than one-third of the MCA distribution. Analyzed using the chi-square test. Group A: Revascularization area was more than two-thirds of the middle cerebral artery (MCA) distribution. Group B: Revascularization area was between one-third and two-thirds of the MCA distribution. Group C: Revascularization area was less than one-third of the MCA distribution. Table 6 ).
DISCUSSION
The aim of surgical treatment for patients with MMD has been creation of new collateral channels between the external carotid system and cerebral cortical arteries. 11) All surgical techniques are essentially based on the same surgical principle in which arteries or vascularized tissues (eg, the temporal muscle, the dura mater, the galea, and the omentum) are placed indirectly on the brain surface or direct anastomosis.
In this study, we found that combined bypass tended to result in better development of collateral circulation.
This result suggests that an indirect operation is some- 
CONCLUSION
Although the difference was not statistically significant, compared with indirect, combined bypass surgery resulted in better development of collateral circulation.
A similar response was observed for EDAMS and EDAGS. Therefore, among surgical procedures, combined bypass is a choice that can be recommended.
